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Description 

The present Invention relates to an abrasive water jet nozzle member formed by liquid phas sintering and con- 
sisting of a hard materia] which consists of a tungsten carbide as a main material and further consists of at least one 
additional carbide or nitride or solid solution of carbides or nitrides, and a binder, said hard material having a high 
abrasion proof or resistance property. 

Recently, there has been provided various mechanical and electric machines, instruments, elements and parts 
having complicated and precise structures, which result in complicated manufacturing and assembling processes and 
this tendency has also been accelerated. 

Moreover, since it is required for these machines, instruments, elements and parts to be manufactured, inspected 
and maintained so as not to change their function with the lapse of time, the precision and performance thereof have 
been more high ly required. In addition, since these machines, instruments, elements and parts are provided with various 
cut surfaces and surfaces to be cut or worked and it is required to have excellent durability for the maintenance or the 
like, these surfaces are to be cut or worked for more precise performance. 

In order to satisfy these requirements in recent technology, it has also be required to study and develop new 
materials, and accordingly, new technology or techniques for cut working, cutout separation working or the like working 
have been studied and developed. 

In a conventional cut working or cutout separation working technology, there has been provided various means, 
for example, mechanical means such as cutter or the like, thermal fusing means utilizing a gas burner or arc, for 
example, or other physical cutting means utilizing plasma, for example. However, in the recent technology, such re- 
quirements have been made severe for the cut working of complicated portions and the separation cutting of molecular 
binding portions, and accordingly, in order to avoid decomposition of a base material or to avoid generation of burrs 
or the like, a non-contact working method has been required. The conventional technology is however not sufficient 
for satisfying such requirements for practical use. 

There has been further provided a cutting technology, in order to satisfy these requirement, utilizing water jet, in 
which the cutout separation working for coats, drilling working, grooving working, cutting working of the material, and 
the like working are carried out by means of water jet of highly pressurized beam form having a length of about several 
hundred or several tens of hundreds kilometers. This method has been utilized for cutting metal material as well as 
wood or synthetic resin material and, therefore, has been studied and developed. For example, is proposed an abrasive 
type water jet nozzle, for improving the working efficiency, by mixing abrasive material of fine grain or particle structure 
into the high pressure water jet. However, even in such technology, there remains many problems for hardware or 
software techniques because of the use of the high pressure water jet. 

In the meantime, the cut working caused by such a water jet involves substantially no generation of heat in the 
actual cut working, resulting in no decomposition or no deformation of the material to be cut, thus being preferred for 
the extremely smooth cut working of the material, satisfying the desire on the design. In this viewpoint, such water jet 
cut working technique is one promising cut working technique for so-called a net shape or near net shape working. 
Accordingly, such cut working techniques have been also studied from before and are in partial practical use. 

However, the abrasive type water jet cut working has not been widely utilized until recently for cut working requiring 
extremely high cutting performance. 

The characteristic feature of cemented carbide alloy or hard material is generally determined in accordance with 
an amount of a binder such as Co, and the composition and kind of hard carbide, the diameter of each grain composing 
the hard carbide, an amount of carbide contained in the alloy, and the like. These factors are determined, in actuality, 
in accordance with required characteristics - such as hardness, abrasion proof property, tenacity, anti-corrosion prop- 
erty, strength against high temperature, or the like, based on the practical use. 

In another aspect, various characteristic features may be required for tools to be used. However, it is considerably 
difficult to satisfy all of these requirements or factors, and accordingly, these factors have been selectively weighed 
and utilized in accordance with the material to be cut and the actual cutting conditions. 

Generally, the hardness and the tenacity of the cemented carbide alloy or hard material have relatively opposing 
relationship with respect to WC (tungsten carbide) grains and the amount of Co. Namely, the hardness is made higher 
as the grain diameter becomes smaller and the amount of Co in the binding phase decreases. On the contrary, the 
tenacity is made high in proportion to the increasing of the Co amount. 

The cemented carbide alloy or the hard material, as described hereinabove, has been utilized for cutting tools, 
tools having an abrasion proof property, or the like, and these tools have been designed by basically considering the 
hardness of the alloy, whereas the tools have been also designed by considering to a certain extent the tenacity in the 
55 viewpoint of preventing the tools from being bent or deformed and chipping. 

In the conventional technology, usually, the material for the abrasive water jet nozzle has been selected from the 
cemented carbide alloy material or hard material for a tool, but, regarding the hardness thereof, alloys having a hardness 
slightly smaller than the possibly maximum hardness have been selected. Accordingly, the cemented carbide alloy 
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material or the hard material for the water jet nozzle are greatly worn in elapse of time and the durability of such 
cemented carbide alloy or hard material as the abrasive water jet nozzle material is merely several hours in the practical 
use, resulting in poor application for satisfying such recent requirements as described hereinbefore. 

A main factor for the severe abrasion of the nozzle such as water jet nozzle will be based on erosion of the nozzle 
material with respect to the cemented carbide alloy or the hard material due to grains or powders of fine metallic 
particles in the water jet. 

In the meantime, there is known, as a specific sintered alloy, so-called a binder-less alloy such as WC-TaC-TiC of 
hard material including no Co for improving the anti-corrosion property, but such a specific sintered alloy is of a binder- 
less structure, and accordingly, the hardness is naturally increased and an alloy having HRA 94.0 or near has been 
utilized in practical use. 

The abrasion proof property of the nozzle such as described water jet nozzle has been improved in comparison 
with that of the conventionally utilized cemented carbide alloy or hard material for a generally used tool in proportion 
to the degree of increased hardness. However, there exists a considerable gap between the actual degree of durability 
and the object or required degree thereof, thus not being satisfactory. 

As described above, in view of various viewpoints, it may be said that the existing material for the water jet nozzle 
is not provided with the desired combination of optimum hardness and tenacity, and accordingly, further improvement 
or development has been highly required. 

Consequently, as described hereinbefore, nozzles such as abrasive water jet nozzles are subjected to severe 
jetting abrasion in practical use due to the erosion of fine grains or particles contained in the water jet, so that the 
abrasion of the material is very remarkable, and particularly, an inlet mouth portion and an outlet portion of the water 
jet nozzle are subjected to extremely violent abrasion. This results in the expansion of the inner diameter of the water 
jet nozzle in elapse of time, which will further result in the degradation of the cutting efficiency and performance with 
respect to a workpiece to be cut. 

As countermeasure to the above defects, it is necessary to exchange with a new nozzle every relatively short time 
period of practical use, resulting in the lowering of the working efficiency. 

EP-A-0 360 567 discloses a hard material suitable for e.g. water jet cutting nozzles, the material comprising a 
product of an incomplete reaction between AX, a source of B and, optionally, an amount of X, said product comprising 
at least one compound AX and at least one compound ABX, wherein A and B are different materials selected from 
titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum and tungsten and X is selected 
from boron, carbon, silicon and nitrogen. Parts made from a starting powder mixture of 94% WC having an average 
particle size of 0.8 urn and 6% Mo 2 C by high temperature sintering and hot isostatically pressing cold pressed green 
bodies are examplified. The final WC grain size is 0,25 um The material does not contain a binder, however, Co my 
be present as an impurity. 

SUMMARY OF THE INVENTION 

An object of the present invention is to substantially eliminate defects or drawbacks encountered in the prior art 
and to provide an abrasive water jet nozzle member manufactured by an improved cemented carbide alloy or hard 
material capable of improving the abrasion resistance property and the durability of the nozzle and hence improving 
the workability and working performance thereof. 

The object is achieved with the nozzle member according to claim 1 . Preferred embodiments are claimed in claims 
2 and 3. In detail, this and other objects can be achieved according to the present invention by providing an abrasive 
water jet nozzle member formed by liquid phase sintering and consisting of a hard material which consists of a tungsten 
carbide as a main material the tungsten carbide being composed of grains each having a diameter of less than 1 pm, 
and further consists of at least one kind of carbide or nitride or solid solution of carbides or nitrides selected from 71, 
Ta, V, Cr, Nb, Mo, Hf, or Zr by a total weight % of 0.5 to 10.0%, and a binding material, by weight % of 0.2 to 2.0%, 
consisting of at least one kind of material selected from Co, Ni, Fe, Au, Ag, Cu alloy, or A! alloy, and unavoidable 
impurities, said hard sintered material having a high abrasion proof property and a hardness more than HRA 94.0. 

According to the embodiments of the present invention of the characters described above, the abrasion proof 
property can be extremely improved and the durability of the nozzle member can be also highly improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention and to show how the same is carried out, reference will be first 
made to the accompanying drawings, in which: 

Fig. 1 is an illustration of a test model for realizing abrasion tests by means of water jet nozzle; 

Fig. 2 is a graph representing a relationship between a hardness of a material and an amount of abrasion according 
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to one embodiment of the present invention and a conventional example; 

Fig. 3 is a graph representing a relationship between a hardness-of a material and a bending resisting force, i.e. 
tenacity, according to one embodiment of the present invention and the conventional example; 
Fig. 4 is a graph showing the relationship between collision angle of particles and an amount of abrasion; 
5 Fig. 5 is a brief sectional view showing a behavior of abrasive grains in an abrasive water jet nozzle member; 

Figs. 6 and 7 are examples of the abrasive water jet nozzle members manufactured according to the embodiments 
of the present invention; 

Figs. 8 and 9 are plan views of the examples of Figs. 6 and 7; 

Figs. 10 and 11 are side views of examples of water nozzles (orifices) manufactured according to the present 
10 invention; and 

Figs. 1 2 and 1 3 are graphs similar to those of Figs. 2 and 3, respectively, according to another embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

15 

As described hereinbefore, as a significant cause for the severe abrasion to an abrasive water jet nozzle for cut 
working operation, there will be pointed out the errosion of the cemented carbide alloy as a material for the nozzle due 
to metallic particles contained in the water jet. In order to clarify the errosion characteristics of aie cemented carbide 
alloy for the present invention as well as technology for this art of field, an abrasion test method for realizing the abrasion 
20 conditions in the abrasive water jet nozzle (super high pressure jet abrasion test) was conceived and experiments and 
adjustments were carried out for clarifying the characteristic features of the various kinds of cemented carbide alloys 
including test alloys. 

Fig. 1 shows an illustration of a model for carrying out these tests, in which a nozzle head 1 is provided with an 
abrasive water jet nozzle 3 extending downwardly from the nozzle head 1 and a work 4 as an experimental piece 
25 against which abrasive water jet from the nozzle 3 collides. The work 4 is arranged so as to have an inclination, collision 
angle, 9 with respect to the jetting direction of the water jet from the nozzle 3. Reference numeral 2 denotes an abrasive 
material supply port member. 

Data obtained by these experimental tests are shown in Figs. 2 and 3. 

Fig. 2 shows the relationship, with a collision angle 6 of about 15 degrees, between hardnesses (HRA) of various 
30 kinds of materials (•: black circles represent the present invention and O: white circles represent the conventional 
technology) and amounts of abrasions (injection pressure: 343 MPa [3500 kgf/cm 2 (1 kgf/cm 2 = 98.0665 kPa)], abrasive 
material: garnet sand #80, supply amount of the garnet sand: 0.4 kg/min.). Fig. 3 shows the relationship between the 
hardness and the bending resisting force (•: black circles represent the present invention and O: white circles represent 
the conventional technology). 

35 As shown in Figs. 2 and 3, the bending resisting force, i.e. tenacity, is remarkably degraded in accordance with 

the increasing of the hardness of the alloy, but the abrasion amount is simply reduced in accordance with the increasing 
of the alloy hardness, resulting in a remarkable improvement of the abrasion proof ness or resistance property. 

Namely, it was found that the cemented carbide alloy having a high hardness has a more excellent abrasion proof 
property with respect to the nozzle and the tenacity has not so significant meaning therefor. 

40 This is a new fact which has not been easily assumed from such a phenomenon as that fine particles of abrasive 

material mixed in the water jet and highly accelerated by the supersonic water jet wears a wall surface in an impulsive 
manner. 

Fig. 4 shows the relationship of the amount of abrasion to the collision angle, which varied variously from about 
0° to 90° with respect to the test material (abrasion material: garnet sand #80, supply amount of garnet sand: 0.4 kg/ 
^5 min, injection pressure: 343 MPa [3500 kgf/cm 2 )), and in Fig. 4 •: black circle represents the alloy material according 
to the present invention (normal abrasion), A: triangle represents the alloy material according to the present invention 
(abnormal abrasion) and O: white circle represents the alloy material of prior art. According to this graph of Fig. 4, it 
will be found that, in a case where the alloy material has a certain extent of hardness (HRA 94.5 in Fig. 4) and the 
collision angle increases over 15 to 30 degrees, the abrasion mode is transferred from a stationary state to a non- 
50 continuous and brittle abrasion mode, and the amount of abrasion is increased. 

Namely, it was made clear that the preferred abrasion proof property naturally provided for the alloy formed of a 
material having high hardness cannot be attained unless the nozzle is designed so that the collision angle of the fine 
particles of the abrasive material is within about ± 15° in the nozzle. This is extremely important in the design of the 
nozzle inlet portion. 

55 in the described analysis based on the experimental tests, it was found that a working nozzle having high abrasion 

proof or resistance property such as a nozzle for the abrasive water jet should be designed in the combination of the 
hardness and the tenacity of the cemented carbide alloy material so as to have a high hardness and low tenacity in 
comparison with that of the prior art (although it is desired to have high tenacity, in practical, the bending resisting force, 
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i.e. tenacity, on the contrary, tends to be lowered as the hardness is increased). Furthermore, the nozzle should be 
designed so as to minimize the collision angle of the fine grains or particles of the abrasive material. 

(Basic Principle of The Invention) 

5 

The ground of the composition of the nozzle member for one embodiment of the present invention will be described 
as follows. 

Hardness of Alloy: 

Grain Size of WC (tungsten carbide): 

In general, when cemented carbide alloys have binding phases of the same amount, the WC is formed of fine 
uniform grains and a hardness of certain extent can be obtained. In an experimental result, it was found that in order 
JS to obtain a stable hardness of more than HRA 94.5 S it is necessary to use a material having grain diameter of WC being 
less than 1 .0 um 

Addition of Different Kind of Carbide (or Metal): 

20 In general, a different kind of carbide is added so as not to grow the WC into grain state during the sintering process 

thereof. As seen in the present invention, in which the WC has a grain size, there is not included a different kind of 
carbide and has low amount of binding material at less than 2.05 %, the suitable sintering temperature is about 1650°C, 
and under this condition, when the sintering process is carried out, the fine grains of the WC grow into coarse large 
grains and obtaining no predetermined hardness. 

25 Furthermore, in the case of a composition of only WC and the binding phase, it is known from conventional exper- 

iments that a width of a soundness phase area (C%) is made small and there is a possibility of causing a harmful phase 
(ti phase, free carbon) adversely affecting on the mechanical strength. Accordingly, because of these reasons, it was 
found to be effective to suppress the growth of the WC grain and to widen the width of the soundness phase area (C%) 
by adding one, two or more kinds of carbides such as Ti, Ta, V, Cr, Nb, Mo, Hf, and Zr, or solid solutions of carbides 

30 (or metals forming the solid solution). 

It was however also found that the addition of the excessive amount of these materials adversely resulted in the 
lowering of the tenacity, bending resisting force, elastic coefficient and the like. 

From the experimental data, it was found that the addition of a different kind of carbide (and metal) of more than 
0.5% is inevitably necessary, along with the addition of the amount of about 10% is its upper limit from the viewpoint 

35 of the tenacity of the cemented carbide alloy for the anti-errosion-abrasive property. 

Binding Phase: 

In the case of WCs having the same grain size, an alloy is made hard and brittle as the amount of the binding 
phase decreases. 

In the experimental data, it was found that the tenacity of the alloy is made weak under the condition of a binding 
phase amount of less than 0.2% and the workability is extremely reduced, and on the other hand, an alloy having a 
high hardness more than the aimed value of more than HAR 94.5 cannot be obtained under the condition of the binding 
phase of the amount of more than 2.0%. 

Shape of Nozzle: 

Fig. 5 is a view for explaining the behavior of the abrasive material in a nozzle head of an abrasive water jet nozzle, 
in which like reference numerals are added to parts or members corresponding to those shown in Fig. 1 and the 
50 description thereof is now omitted. 

A nozzle member 5 for the abrasive water jet is provided with an inlet mouth portion 9 having a funnel shape for 
smoothly guiding, into the abrasive nozzle, abrasive grains 8 sucked into a mixing chamber 10 by the injection of the 
water jet 7. The inlet mouth portion 9 is subjected to the abrasion by the collosion and the grinding of the abrasive 
grains 8 flown into the abrasive nozzle 3 together with air and the abrasive grains 8 repulsed by the supersonic water 
55 jet 7 near the axis of the nozzle. 

Particularly, the grains 8 repulsed and accelerated by the water jet collide with high speed against the wall of the 
mouth portion 9 cause remarkable abrasion to the wall. 

It will be seen from Fig. 4 that the abrasion of the mouth portion 9 is facilitated as the inclination of the furnace- 
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shaped wail surface of the mouth portion 9 becomes large and the hardness of the nozzle material increases. 

Accordingly, in the viewpoint of the abrasion of the nozzle, it will be desired for the mouth portion 9 to have a 
surface having less inclination with respect to the axis of the nozzle, and for example, in view of the results of Fig. 4, 
it will be necessary to design the mouth portion so as to have an inclination to be within about ± 15° (which however 
varies in accordance with varbus conditions). 

In the meantime, in the inside of the nozzle, the abrasive grains mixed in the water jet are accelerated, as shown 
in Fig. 5, while repeating the repulsion between the water jet and- the wall surface 3' of the abrasive nozzle 3, and the 
flow of the abrasive grains 8 is rectified to be parallel to the wall surface 3' while flowing downwardly through the 
abrasive nozzle 3. However, since the inner wall surface 3' of the abrasive nozzle 3 is made substantially parallel to 
the axis of the water jet, the abrasive grains 8 essentially collide against the wall surface 3' at a small angle, thus 
seldom causing abnormal abrasion. This fact was based on the experiment. 

As described above, a remarkable improvement in the durability can be achieved by the effective combination of 
the material having a high hardness and its abrasive property attaining the excellent abrasion proof or resistance 
property against the collision with small angle and the characteristic feature of the nozzle abrasion caused by the 
essentially small angle collision. 

(Embodiments) 

Preferred embodiments according to the present invention will be described hereunder. 

The following Table 1 (See attaches) shows the characteristic features of the cemented carbide alloys as the 
material for the abrasive water jet nozzle according to the present invention in comparison with the conventional ones 
with reference to the hardness (HRA), the bending resisting force (kgf/mm 2 ), [1 kgf/mm 2 = 9.8 MPa] and the amount 
(mg) of abrasion based on the abrasion tests (pressure: 343 MPa (3500 kgf/cm 2 ); abrasive material: garnet sand- 
injection time: 15 sec). 

In the Table t: 

Amount of Abrasion: Weight reduction amount (mg) of the material under the predetermined injection abrasion 
conditions. 

Injection abrasion conditions: 

Injection pressure: 343 MPa (3500 kgf/cm 2 ) 
Injection Time: 15 sec. 
Abrasion Material: Garnet Sand #80 
Abrasion Material Supply Amount: 0.4 kg/min. 

From the above Table 1, it will be found that the material of the alloy according to the present invention shows 
improved abrasion proof property and the durability about four times in comparison with the material of the conventional 
alloy. 

The alloy of the above embodiment was manufactured in the following manner 

First, the Co (1 %) having a grain diameter of 1 .5 um s TiC (4.5%) having a grain diameter of 1 .5 urn and different 
kind of carbide (1.5%) having a grain diameter of 1.5 u,m were mixed with the WC (tungsten carbide) having a grain 
diameter of 1.0 um The mixture was mixed by a wet blending operation in a ball mill for 72 hours in the presence of 
alcohol and then dried. After drying, the dried powder was pressed by means of a press with a pressure of 98 MPa 
(1000 kgf/cm 2 ) and then preliminarily sintered in a vacuum condition at a temperature of 800°C. 

The sintering process was carried out with the vacuum degree of 1 3.33 to 1 333 Pa (0. 1 to 10 Torr) and under the 
condition ol 1600°C - 60 min, and then, HIP (high temperature isotropic pressure) treatment was carried out with the 
use of Ar gas under the condition of 1 450°C - 60 min. 

Fig. 6 shows one example of the nozzle member for the abrasive water jet manufactured by the alloy according 
to the present invention and Fig. 7 shows a modified example thereof in which a metallic shielding tube is applied to 
the outer peripheral surface of the nozzle member of Fig. 6 for the purpose of reinforcing and easily finishing the outer 
peripheral surface of the nozzle member. Figs. 8 and 9 show plan views of the example of Figs. 6 and 7. 

Figs. 10 and 11 show side views of water nozzle (orifice having 0.05-0.5 mm in diameter (d)) members for the 
abrasive water jet manufactured by the alloy according to the present invention. 

As described hereinbefore, the basic feature of the present invention resides in the design setting of the combi- 
nation of the hardness and the tenacity of the alloy composition to the high hardness level and low tenacity area in 
comparison with those of the prior art. 
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The present invention may be applied to a nozzle member having a front tapered nozzle end or square nozzle hole. 

Another embodiment according to the present invention will be described hereunder with respect to a nozzle mem- 
ber for an abrasive water jet manufactured from a high abrasion proof hard sintered material under the presence of a 
binding phase. 

5 As described hereinbefore, as significant causes for the severe abrasion to a nozzle, such as abrasive water jet 

nozzle in the case of cut working operation, there is the erosion of a material for the nozzle due to abrasive particles 
such as the garnet sand contained in the water jet. In order to further improve the erosion characteristics of the hard 
material due to the abrasive grain, an abrasion test method for realizing abrasion condition in the abrasive water jet 
nozzle (super high pressure jet abrasion test) was conceived and experiments and adjustments were carried out for 
10 making clear the characteristic features of the various kinds of hard materials including test alloys. 
These tests were carried out by utilizing the water jet injection mode shown in Fig. 1. 
Data obtained by these experimental tests are shown in Figs, 12 and 13. 

Fig. 12 shows the relationship, using a collision angle e of about 15 degrees of the water jet including the garnet 
sand with respect to a work, between hardnesses of various kinds of materials (•: black circles represent the present 
is embodiment and O: white circles represent the conventional technology) and amounts of abrasions (injection pressure: 
343 MPa (3500 kgf/cm 2 ), abrasive material: garnet sand #80, supply amount of the garnet sand: 0.4 kg/min.). Fig. 13 
shows the relationship between the hardness and the bending resisting force (•: black circles represent the present 
embodiment and O: white circles represent the conventional technology) 

As also shown in Figs. 12 and 1 3, the bending resisting force, i.e. tenacity is remarkably degraded in accordance 
20 with the increasing of the hardness of the alloy, but the abrasion amount is simply reduced in accordance with the 
increase of the alloy hardness, resulting in the remarkable improvement of the abrasion proof or resistance property. 

Namely, it was found that a more excellent abrasion proof property could be obtained by a material mainly including 
a carbide having a high a hardness as possible, while tenacity has not so significant meaning. 

This is a new fact which has not been easily assumed from such a phenomenon as that fine particles of abrasive 
25 material mixed in the water jet and highly accelerated by the supersonic water jet wears a wall surface in an impulsive 
manner. 

In the analysis based on the experimental tests, it was found that the working nozzle having high abrasion proof 
or resistance property such as a nozzle for the abrasive water jet should be designed in the combination of the hardness 
and the tenacity of the hard material so as to have high hardness and low tenacity in comparison with that of the prior 
30 art (although it is desired to have high tenacity, in practical, the bending resisting force, i.e. tenacity, on the contrary, 
tends to be lowered as the hardness is increased). Furthermore, the nozzle should be designed so as to minimize the 
collision angle of the fine grains or particles of the abrasive material. 

The ground of the composition of the nozzle member for the present embodiment will be described as follows. 

3S Grain Degree of WC (tungsten carbide): 

In general, as far as the same amount of the hard materials is included, a certain extent of high hardness can be 
obtained with the fine grains of the WCs being uniform, and it was found from the experimental data that it is necessary 
to use the WC having a grain diameter of less than 1 .0 \xm in order to obtain a stable hardness of more than HRA 94.0 
40 desired in the industrial field. 

Binding Phase: 

An alloy is made hard in less amount of binding phase with WCs having the same grain diameter, and it was found 
45 that from the experimental data that an aimed hardness more than the HRA 94.0 cannot be obtained in the amount of 
binding phase of more than 2.0%. 

Addition of Different Kind of Carbide (or carbide solid solution, or nitride or nitride solid solution): 

50 in general, a different kind of carbide is added so as not to grow grains of carbide during the sintering process. In 

this meaning, when the WC is composed of fine grains and includes no different kind of carbide and the amount of the 
binding phase is less than 2.0%, a suitable sintering temperature is of about 1650°C. However, when the sintering 
process is carried out under this state, the grains of the WC grow into large -coarse grains, and hence, desired hardness 
cannot be obtained. 

55 Furthermore, in the case of a composition of the WC and the binding phase, the width of a soundness phase area 

is small and a harmful phase fa-phase, free carbon) adversely affecting on the mechanical strength is generated. 

In order to avoid such adverse phenomenon, the grain growth of the WC grains is suppressed and the width of 
the soundness phase area is widened by adding one, two or more kinds of carbides (or nitride) such as Ti, Ta, V, Cr, 
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Nb, Mo, Hf, and Zr (or N), or solid solutions of carbides (or solid solution of nitrides) as occasion demands. 

It was however also found from the experimental data that the addition of the excessive amount of these materials 
adversely affects on the abrasion proof property, and according to the present invention, the addition of different carbide 
or nitride (or solid solutions thereof) of about 10% is the limit of this addition. 

The behavior of the abrasive materials, i.e. abrasive grains, is shown in Fig. 5 as described with reference to the 
former embodiment. 

An actually performed embodiment will be described hereunder. 

The fol towing Table 2 (See attached) shows the characteristic features of the nozzle material for the abrasive water 
jet according to the present embodiment in comparison with the conventional ones with reference to the hardness 
(HRA), the bending resisting force (kgf/mm 2 ) [1 kgf/mm 2 = 9.8 MPaJ, and the amount (mg) of abrasion based on the 
abrasion tests (pressure: 343 MPa (3500 kgf/cm 2 ); abrasive material: garnet sand; injection time: 15 sec.). 

In the Table 2: 

Amount of Abrasion: Weight reduction amount (mg) of the material under the predetermined injection abrasion 
conditions. 

Injection abrasion conditions: 

Injection pressure: 343 MPa (3500 kgf/cm 2 ) 
Injection Time: 1 5 sec. 
Abrasion Material: Garnet Sand #80 
Abrasion Material Supply Amount: 0.4 kg/min. 

From the above Table 2, it will be found that the material of the alloy according to the present embodiment shows 
improved abrasion proof property and the durability about four times in comparison with the conventional ones. 

The hard sintered materials of the above embodiments (4 to 9 and 11 to 15 in Table 2) were manufactured in the 
following manner. 

First, a different kind of metal carbide having a grain diameter of less than 1.5 u.m by weight % of less than 10% 
was mixed with the WC, as a main component, having a grain diameter of less than 1 .0 urn with a binding metal (Co, 
Ni) having a grain diameter of less than 1 .5 u.m by weight % of less than 2%. The mixture was mixed by a wet blending 
operation in a ball mill for 72 hours in the presence of alcohol and then dried. After drying, the dried powder was pressed 
by means of a press with a pressure of 98 MPa (1000 kgf/cm 2 ) and preliminarily sintered in a vacuum condition at a 
temperature of 800°C. 

The sintering process was carried out with a vacuum degree of 13.33 to 1333 Pa (0.1 to 10 Torr) and under the 
condition of 1600°C - 60 min and 147 MPa (1 500 kgf/cm 2 ), and then, the HIP treatment was carried out in the atmos- 
phere of Ar gas. 

The hard sintered material of the above embodiment (11 in Table 2) was manufactured in the following manner 

First, a solid solution of Ti (C, N) having a grain diameter of 1 .5 u.m by weight % of 5.7% with a binding metal having 
a grain diameter of less than 1.5 urn by Co weight % of 1% was mixed with the WC t as main component, having a 
grain diameter of less than 1 .0 u/n. The mixture was mixed by a wet blending operation in a ball mill for 72 hours in 
the presence of alcohol and then dried. After drying, the dried powder was pressed by means of a press with a pressure 
of 98 MPa (1000 kgf/cm 2 ) and then preliminarily sintered in a vacuum condition at a temperature of 800°C. 

The sintering process was carried out while releasing the vacuum condition and adding the nitrogen gas to establish 
the pressure of 2.666 kPa to 19.995 kPa (20 to 150 Torr) under the condition of 1600 a C - 60 min and 147 MPa (1500 
kgf/cm 2 ), and then, the HIP treatment was carried out in the atmosphere of Ar gas. 

It is to be noted that examples of the nozzle member for the abrasive water jet manufactured according to the 
present embodiment have the shape and configuration such as shown in Figs. 6 to 7. 

According to the embodiments of the present invention described above, there is provided an abrasive water jet 
nozzle member having an improved abrasion proof propertv and the durability. 

It is to be understood that the present invention is not limited to the described embodiments and many other 
changes and modifications may be made without departing from the scope of the appended claims. 
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TABLE 1 





ST MATERIAL 
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WC GRAIN 
DIAMETER 
( um) 


COMPOSITION (wt%) 
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Co 


Ni 
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. - 1 < 


1 
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UJ < CC 
> ^ UJ 
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1.0 


10 
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O 2 2 
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1.0 


4 




1 
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1.0 






4.5 


1 
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1.0 






3 


2 
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U_ l_ Q 


6 


1.0 






2 


1 


1 




> UJ ^ 


7 


1.0 




1 


4.5 


1 






8 


1.0 








2 




1 


< 0_ S 


9 


1.0 


0.5 






1 


1 






10 


1.0 


0.5 


0.5 




2 


1 






11 


1.0 


2 




4.5 


1 







* 1 kgf/mm 2 = 9.8 MPa 
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93.5 
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PRESENT 
INVENTION 
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95.3 


90 
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95.4 
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1 


95.2 
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95.1 
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95.3 
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95.0 
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ABRASION 
AMOUNT 
ma 


•> c 
c\ 
o 


> c 
i co 


C 

► cc 


> C\ 

) c\ 


! r 
i 


) cc 

: c 


) c 


> IT 


| <r 


! ^ 






: r 


> t- 

i cv 


■ q 

i cvj 


BENDING 
RESISTANCE 
leaf /mm 2 


c 
i « 


o 

CVJ 


c 

CC 


> c 


c 
t— 


c 
c 

y— 


cr 


> LO 


c 
c 


c 
> cr 


C 
CC 


> Lf 

> CC 


> LT 

> t> 


) cr 
cc 


) LO 
) CO 


HARD- 
NESS 
IIRA 


87.5 


91.0 


93.5 


94.5 ! 


94.1 


! 94.2 


94.7 


94.9 


I 95.0 


94.8 


cn 

G) 


cn 


94 7 


CC 

cn 


94.9 


WC GRAIN 
DIAMETER 


q 


q 


q 


q 


q 


q 


q 


q 


in 


q 


q 


q 


o 


c 


q 


COMPOSITION (wtX) 




BAL. 


BAL. 


BAL. 


BAL. 


BAL. 


BAL. 


BAL. 


BAL. 


BAL. 


BAL. 


BAL. 


BAL. 


BAL. 


BAL. 


BAL. 
























0.75 










O 


5.33 


5.52 


6.05! 
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Nb 
































> 








q 
i — 


q 

T— 


q 


q 


q 


q 


q 


o 
cvi 


q 


o 
Cvj 


o 
cvi 


q 




























q 


q 










































P 








LO 


LO 




in 


in 




to 


o 

CO 


o 
cvi 








TEST 
MATERIAL 
No. 


r- 


CM 


co 




in 


CO 




CO 


cn 


o 




CVJ 


CO 


XT 


in 




CONVENTIONAL 
MATERIAL 

1 


MATERIAL 
OF PRESENT 
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Claims 
1. 



An abrasive water jet nozzle member formed by liquid phase sintering and consisting of a hard material which 
consists of a tungsten carbide as a main material, the tungsten carbide being composed of grains each having a 
diameter of less than 1 pm, and further consists of at least one kind of carbide or nitride or solid solution of carbides 
or nitrides selected from 71, Ta, V, Cr. Nb, Mo. Hf, or Zr by a total weight % of 0.5 to 10 %. and a binding material 
by a weight % of 0.2 to 2.0, consisting of at least one kind of material selected from Co, Ni, Fe Au Ag Cu alloy 
or Al alloy, and unavoidable impurities, said hard sintered material having a high abrasion proof property and havinq 
a hardness more than HRA 94.0. M 

The abrasive water jet nozzle member of claim 1, consisting of a super hard alloy which consists of a tungsten 
carbide as a main material and further consists of at least one kind of carbide or solid solution of carbide selected 
from Ti. Nb. Ta, V, Cr. Mo. Hf or Zr. and a binding material consisting of at least one of iron group elements said 
super hard alloy having a hardness of more than HRA 94.5. 

The abrasive water jet nozzle member of claim 1 consisting of a hard material which consists of a tungsten carbide 
as a main material, and further consists of at least one kind of carbide or solid solution of carbide selected from 
Ti, Nb, Ta, V, Cr, Mo, HI or Zr, and said binding material. 



Patentanspruche 
1 



Schleifwasserstrahldusenteil, das hergestellt wurde durch Flussigphasen-Sintem undaus einem harten Material 
besteht, welches besteht aus einem Wolframcarbid als einem Hauptmaterial, wobei das Wolframcarbid aus Kor- 
nern, von denen jedes einen Durchmesser von weniger als 1 pm hat. zusammengesetzt ist, und auBerdem besteht 
aus mindestens emer Art von Carbid oder Nitrid Oder fester Losung von Carbiden Oder NitrkJen, die ausgewahlt 
smd aus Ti, Ta, V, Cr, Nb, Mo, Hf oder Zr, in einem Gesamtgewichtsprozentsatz von 0,5 bis 10 %, und einem 
Bindemittel. zu 0,2 bis 2,0 Gewichtsprozent, das besteht aus mindestens einer Art von Material, das ausgewahlt 
ist aus Co, Ni, Fe, Au. Ag. Cu-Legierung oder Al-Legierung, und unvermeidbaren Verunreinigungen. wobei das 
harte gesinterte Material die Eigenschaft hoher Abriebfestigkeit hat und eine Harte von mehr als HRA 94,0 hat. 

Schleifwasserstrahldusenteil nach Anspruch 1 , das besteht aus einer superharten Legierung. welche besteht aus 
einem Wolframcarbid als einem Hauptmaterial und auGerdem besteht aus mindestens einer Art von Carbid oder 
fester Losung von Carbid, das ausgewahlt ist aus Ti, Nb, Ta, V, Cr, Mo, Hf oder Zr, und einem Bindemittel das 
besteht aus mindestens einem der Eisengruppen-Elemente, wobei die superharte Legierung eine Harte von mehr 
als HRA 94,5 hat. 

Schleifwasserstrahldusenteil nach Anspruch 1 . das besteht aus einem harten Material, welches besteht aus einem 
Wolframcarbid als einem Hauptmaterial, und auBerdem besteht aus mindestens einer Art von Carbid oder fester 
Losung von Carbid, das ausgewahlt ist aus Ti, Nb. Ta, V, Cr, Mo, Hf oder Zr, und dem Bindemittel 



Revendications 



Un organe foimant une buse a jel d'eau abrasif forme par frittage en phase liquids et se composant d'une matiere 
dure, qui se compose dun carbure de tungstene en lant que matiere principale, le carbure de tungstene etant 
compose de grains presentant chacun un diametre inferieur a 1 pm, et se composant en outre d'au moins une 
sorte de caitoure ou de nitrure ou de solution solide de caibures ou de nitrures choisis a partir du TI du Ta du V, 
du Cr, du Nb, du Mo, du Hf ou du Zr d'un poids total en % de 0,5 a 10 %, et d'une matiere de liaison, d'un poids 
en % de 0.2 a 2,0. se composant d'au moins un type de matiere choisie a partir du Co. du Ni. du Fe, du Au du 
Ag. d'un alliage de Cu ou dun alliage de Al, et tfimpuretes inevitables, ladite matiere dure traitee presentant de 
fortes propnetes de resistance a I'abrasion et ayant une durete superieure a 94,0 HRA. 

L'organe formant buse a jet rfeau abrasif de la revendication 1 , se composant dun alliage superdur qui se compose 
d'un carbure de tungstene en tant que matiere principale et se compose en outre d'au moins un type de carbure 
ou de solution solide de carbure choisi a partir du Ti, du Nb, du Ta, du V. du Cr, du Mo, du Hf ou du Zr et d'une 
matiere de liaison se composant d'au moins un des elements du groupe du fer. ledit alliage superdur presentant 
une durete superieure a 94.5 HRA. 
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Lorgane foimant buse a jet tfeau abrasif de la revendication 1 se composant tfune matiere dure qui se compose 
d un carbure de tungstene en tant que matiere principale, et se compose en outre rfau moins un type de carbure 
ou de solution solide de carbure choisi a partir du 71. du Nb. du Ta, du V, du Cr. du Mo, du Hf ou du Zr et de ladite 
matiere de liaison. ' 
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FIG. 1 
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